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The spectroscopic diagnost ic  technique presented f o r  determining 

e l ec t ron  temperature i s  a refinement of t he  method of Cunningham, Fpie- 

man, and Harm'. 

cross  sect ions for helium spec t r a l  l i n e s  t h a t  a re  known over a range of 

I n  general, t he  method u t i l i z e s  the  observed exc i ta t ion  

e l ec t ron  energies. The cross  sect ions for a s ing le t  and a t r i p l e t  l i n e  

a re  then averaged over a Maxwellian d i s t r ibu t ion  of e lec t ron  energies. 

The r a t i o  of these  averaged cross  sect ions i s  then known as a function 

of e l ec t ron  temperature, and, hence, the in t ens i ty  r a t i o  of these spec- 

tral l i n e s  may be p lo t t ed  against  e lectron temperature. Thus, the  elec-  

t r o n  temperature may be determined by observing the  r e l a t i v e  i n t e n s i t i e s  

of t he  indicated spec t ra l  l i n e s .  

I n  reference 1, the  observed spec t ra l  l i n e s  were t h e  s ing le t  

2lP-4'D( 4921 A )  t r a n s i t i o n  and the  t r i p l e t  23P-43S( 4713 A) t r a n s i t i o n .  

The c ross  sec t ion  da ta  were taken from Lees 2 

The e l ec t ron  temperatures obtained by observing the  r e l a t i v e  in ten-  

s i t i e s  of these  t r a n s i t i o n s  may be misleading, however, because of e r -  

rors  inherent in %he C ~ X Q  sectism. 

Gabriel and Heddle3 have indicated t h a t  an e r ro r  i n  absolute- 

i n t e n s i t y  ca l ib ra t ion  e x i s t s  i n  Lees' invest igat ion.  The r e l a t i v e  mag- 

nitudes of these  cross sect ions may a l so  be i n  e r ro r ,  s ince  some values 



w i l l  be  enhanced by the e f f ec t s  of secondary jyocesses due t o  the r e l a -  

t i v e l y  high pressure (44W) used i n  t h i s  investigation,,  

Invest igat ions of exc i ta t ion  cross sect ions of l e v e l s  t h a t  a r e  af- 

fec ted  by secondary processes such as imprisonment of resonance radia- 

t ion ,  rad ia t ive  t ransfer ,  and exc i ta t ion  exchange ac tua l ly  y i e ld  an ap- 

parent exc i ta t ion  cross  sect ion t h a t  d i f f e r s  from the t rue  electron- 

exc i t a t ion  cross sect ion.  The extent  t o  which these processes e f f e c t  

the cross sect ion determination depends upon the  pressure i n  the  c o l l i -  

s ion chamber, and, therefore ,  the apparent cross sec t ion  would be ex- 

pected t o  vary w i t h  pressure,  Lin and S t .  John4 have shown t h a t  t h i s  i s  

indeed the  case f o r  the 4'D l e v e l  as i l l u s t r a t e d  i n  F igD lo Conse- 

quently, t he  observed in t ens i ty  r a t i o  of the  spec t ra l  l i n e s  used i n  ref- 

erence 1 would vary w i t h  pressure, even though the e lec t ron  temperature 

were t o  remain constant. 

Since the method presented by Berger5 f o r  determining the  percent- 

age ionized i n  a helium plasma a l so  u t i l i z e s  Lees' cross  sect ion data 

and the observation of t he  4921 A radiat ion,  it w i l l  be subject t o  these 

same processes 

I n  recent experiments, St. John' has shown that  the  exc i ta t ion  

cross  sec t ions  f o r  the  4 S and 4 S l eve l s  a re  r e l a t i v e l y  insens i t ive  t o  1 3 

pressure i n  t h e  range of 0 t o  130 microns. On the  b a s i s  of these re- 

sults, a spectroscopic diagnost ic  scheme i s  presented i n  which the  e lec-  

t r o n  temperature i s  determined from the observed i n t e n s i t i e s  of the  

2 P-4 S(5047 A )  t r a n s i t i o n  and the  23P-43S(4713 A )  t r ans i t i on ,  and the  

percentage ionized i s  calculated from the r e l a t i v e  i n t e n s i t i e s  of the  

1 1  

% 5047 A neu t r a l  l i n e  and the  4686 A He I 
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The cross sect ions used f o r  t he  neut ra l  l i n e s  incorporated the  re- 

sults of a number of previous i n v e ~ t i g a t i o n s ~ , ~ 2 ' .  Gabriel and Heddle3 

have corrected f o r  the e f f e c t s  of secondary processes i n  t h e i r  inves t i -  

gat ion of helium cross  sect ions a t  108 e lec t ron  vo l t s .  Frost  and Phelps' 
F 

point  out t h a t  Thieme's' exc i ta t ion  functions f o r  members of the  same 

s e r i e s  have very nearly the sane shape, and t h a t  t h e  exc i ta t ion  function 

of any s t a t e  may be  expressed as the  product of a shape function 

and some magnitude 

gj(V) 

Dj ,  which may conveniently be taken t o  be the  maximum 

cross  sec t ion  value. Thiemels"  experiments were performed at  low pres- 

sure  s (E? 5P), and t h i s  shape functions f o r  t he  S s t a t e s  should be 

close t o  the t r u e  shape functions within the  experimental error. 

cross  sect ions used i n  t h i s  scheme consis t  of Thiemeps7 shape functions 

and a magnitude obtained by f i t t i n g  Gabriel an& &ddle's3 results at  

108 e lec t ron  v o l t s  t o  these shape functions. Cross sect ions determined 

The 

i n  t h i s  manner y i e l d  a credible,  self-consis tent  set of helium exci ta t ion 

funct ions.  

The i n t e n s i t y  of a j-k t r a n s i t i o n  I j k  i s  given by the r e l a t ion  

where No i s  the  neut ra l  density,  Ne i s  the  e lec t ron  density, V i s  the  

e l ec t ron  ve loc i ty  and Qjk(V) i s  exc i ta t ion  cross sec t ion  for  the  j-k 

t r a n s i t i o n .  

t i o n  (1) becomes 

If there  i s  a d i s t r ibu t ion  of e lec t ron  eneFgies, equa- 

The brackets  ind ica te  a value averaged over the d i s t r ibu t ion .  

Thus, the i n t e n s i t y  r a t i o  of the 5047 A l i n e  t o  the  4713 A l i n e  xo 

i s  given by 
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- '5047 
I4713 xO=-- 

Similarly,  the in t ens i ty  r a t i o  of the 4686 A 

He I l i n e  x+ i s  given by 

q=-= '4686 'iNe (Q4686 (v lv) 
I5047 N#e (%047 

He I1 l i n e  and the 5047 A 

(4) 

becomes 

-3- Ni F(k.Te) 
NO 

(5) 

From the  de f in i t i on  of the  percentage ionized P 

t h a t  

and Eq. (5), it i s  seen 

The exc i ta t ion  functions for the  helium neut ra l  l i n e s  have been empiri- 

ca l ly  f i t  with equations that represent the  exc i ta t ion  cross sect ion as a 

function of e lectron veloci ty .  

the  e lec t ron  ve loc i ty  and averaged over a Maxwellian d i s t r ibu t ion  t o  ob- 

t a i n  the  quan t i t i e s  (Q6047(V)V) and (Q713(V)V). The parametric equa- 

t i ons  and other  per t inent  data  are  presented i n  t ab le  I. 

These equations a re  then multiplied by 

In this tab le ,  p = , vm i s  the ve loc i ty  corresponding t o  the  

threshold energy of the  l e v e l  considered, and vj i s  the ve loc i ty  corre- 

sponding t o  the  lower l i m i t  of integrat ion i n  the averaging process. 
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A comparison of the  ac tua l  exc i ta t ion  functions and the parametric 

f i t s  i s  shown i n  Fig. 2. 

The 4686 A l i n e  corresponds t o  a 4-3 t r a n s i t i o n  i n  He 11. The quan- 

t i t y  (Q$~~s(V)V) i s  taken fromBerger5 who has calculated t h i s  cross  

sect ion by sca l ing  the  hydrogen cross sect ions f o r  exc i t ing  the  "4" l ev-  

e l s  and multiplying by the  branching r a t i o s  of Bethel'. 

exc i t a t ion  function used by Berger5 for  the  hydrogenic cross sec t ion  as- 

ymptotically approaches the  Born approximation at la rge  ve loc i t i e s ,  i s  

i n  agreement w i t h  the  experimental. evidence t h a t  the  cross sect ion i s  

zero at t h e  threshold veloci ty ,  and exhib i t s  a maximum at approximately 

twice the  threshold ve loc i ty .  

The empirical  

Now t h a t  the averaged cross sect ions have been comyutedt the qiian- 

t i t i e s  F(kTe) and xo are  p lo t ted  against  e lec t ron  temperature i n  

Fig. 3. 

I n  order t o  obtain the  e lec t ron  temperature and the percentage ion- 

ized, one merely needs t o  observe the  in t ens i ty  r a t i o  xo of the  ind i -  

cated neut ra l  l i n e s  and obtain the electron temperature and 

Fig. 3. 

x+ and Eq. ( 6 ) .  

F(kTe) from 

The percentage ionized i s  then calculated by using the  observed 

The 4686 A ion  l i n e  i s  the  l e a s t  intense of the spec t ra l  l i n e s  ob- 

served. 

niques show that t h i s  l i n e  i s  r e d i l y  observed at ion dens i t i e s  of 

lWlC - loii ion  per cubic centimeter and e lec t ron  temperatures of 

Experimental measurements using conventional recording tech- 

20 e l ec t ron  v o l t s .  
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Figure 3.  - Variation of X, and F(kTe) with 
electron temperature. 


